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SYSTEM AND METHOD FOR VERIFYING CONNECTION OF 
CORRECT FLUID SUPPLY TO AN INFUSION PUMP 
Background of the Invention 

[0001] The invention is generally related to fluid infusion, and more particularly, to a fluid 
infusion system and method that verifies that the correct fluid supply is connected to the correct 
infusion pump. 

[0002] Physicians and other medical personnel apply intravenous (IV) infusion therapy to treat 
various medical complications in patients. IV infusion therapy typically involves infusing 
medical fluids, such as drugs or nutrients, from a fluid supply, such as a bag, bottle or other 
container, through the tube of a fluid administration set to a cannula inserted into a patient's 
blood vessel. In a typical facility, a physician enters an order for medication for a particular 
patient. This order may be handled either as a simple prescription slip, or it may be entered into 
an automated system, such as a physician order entry ("POE") system. The prescription slip or 
the electronic prescription from the POE system is routed to the pharmacy, where the order is 
filled. Typically, the prescribed medication is prepared by a pharmacist and added to a bag or 
bottle at a pharmacy. A pharmacist also typically identifies the contents of the bag and the 
patient for whom the bag is intended with a paper label that is attached to the bag and in some 
cases by other means, such as a bar code or magnetic device, or by use of a radio frequency (RF) 
signal interactive device such as an RFID tag, as examples. The prepared medication is then 
delivered to a nurse's station for subsequent administration to the patient. 

[0003] For safety reasons and in order to achieve optimal results, the medical fluid is often 
administered in accurate amounts as prescribed by the doctor and in a controlled fashion by 
using an infusion pump. Infusion pumps operate by displacing the fluid from a fluid 
administration set to force fluid from the fluid supply through the tube and into the patient. The 
infusion pump is programmed by an operator such as a nurse or other medical personnel, with 
operating parameters to achieve the administration of the drug as prescribed by the physician. 
Such operating, or pumping, parameters are drug and patient specific. That is, the pumping 
parameters are selected based on the particular drug prescribed and the specific patient for whom 
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they are intended. It is the nurse's responsibility to match the prescribed drug with the correct 
patient and with the properly programmed pump. 

[0004] Hospitals and other institutions continually strive to provide quality patent care. 
Medical errors, such as when a patient receives the wrong drug or receives the correct drug at the 
wrong time or in the wrong dosage, are significant problems for all health care facilities. In the 
administration of medication, focus is typically directed to the following five "rights" or factors: 
the right patient, the right drug, the right route, the right amount, and the right time. The nurse 
aims to ensure that these "rights" are accomplished. Systems and methods seeking to reduce 
medical errors should also take these five rights into consideration. 

[0005] Medical infusion pumps have advanced greatly over the years and permit more precise 
infusion control resulting in much better treatment for patients. Doctors are more assured that 
the doses and infusion rates that they prescribe for their patients can be delivered to the patients 
accurately by infusion pumps. However, there remains a continuing concern that the right drug 
is matched to the right pump. 

[0006] In some cases, a single patient may be prescribed multiple simultaneous infusions for 
different drugs, sometimes four or more, which requires multiple infusion pumps that may all be 
programmed differently. In such cases, there will also be multiple administration sets each with 
its own fluid conduit to be connected with the patient. Where there are multiple infusion 
conduits present, there is a concern that a fluid conduit may be mounted to the wrong infusion 
pump and the drug delivered under incorrect pumping parameters. As an example, where 
multiple infusion pumps are located side by side, there is a concern that a fluid infusion line may 
be installed in the wrong pump channel. Where a more dense infusion pump environment exists, 
it is important to be sure that the correct medical fluid conduits are being mounted to the correct 
pump or "channel." The four fluid sources for all four pump channels may be suspended 
immediately above all four pump channels and the conduits of the four administration sets may 
become intertwined, thus making it more difficult to select the correct tube for the particular 
channel of the pump. 

[0007] Prior attempts have been made to assure that the right drug is administered to the right 
patient through the right pump. In one example, a bar code label identifying the drug and patient 
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is applied to the bag at the pharmacy. After an operator such as a nurse manually programs the 
pump, a bar code scanner connected to the pump is used to read the bar code label on the bag to 
verify that it identifies the same medication as that programmed into the pump. In another 
example, U.S. Patent No. 5,078,683 to Sancoff et al. discloses a bar code label applied to the bag 
that is read with a bar code scanner to automatically program the pump, thus avoiding manual 
programming entirely. 

[0008] Even though the foregoing have provided significant advances in the art to avoid 
medication errors and have reduced the likelihood of such medication errors, there still exists 
some risk that an incorrect bag may become mounted to a pump or pump channel. Stated 
differently, there still exists some risk that a bag may become connected to the wrong pump or 
pump channel. For example, the nurse could possibly scan the bar code label of the correct bag, 
but become distracted and mount the conduit of the administration set connected to the bag to the 
wrong pump channel. Even if the nurse does not become distracted, the various fluid conduits in 
a multiple fluid infusion may be difficult to distinguish from one another and tracing the fluid 
conduit associated with the right bag may become burdensome, especially where the fluid 
conduits have become tangled with each other. In such a case, the nurse may inadvertently 
choose the wrong fluid conduit to install in the pump even after identifying the correct fluid 
supply. 

[0009] Hence, those skilled in the art have recognized that a need still exists for a system and 
method to more accurately ensure that the correct fluids are infused into the patient at the correct 
pumping parameters. Further, those skilled in the art have recognized a need for a system and 
method that can more reliably determine that the correct fluid source is connected to the correct 
infusion pump or pump channel so that the fluid is infused into the patient in accordance with the 
correct pumping parameters. The present invention fulfills these needs and others. 

Invention Summary 

[00010] Briefly and in general terms, the present invention is directed to a system and method 
for verifying that an infusion pump is set up correctly for administering a fluid. Further, the 
invention is directed to verifying that the correct fluid supply is connected to a pump or pump 
channel. 
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[0001 1] In more detailed aspects, a system for verifying that a particular fluid supply is 
connected to a flow control device is provided, wherein the flow control device acts on a fluid 
conduit coupled to the fluid supply to move the fluid from the fluid supply through the conduit, 
the fluid supply and conduit forming an upstream fluid supply segment, the system comprising a 
pressure sensor assigned to the flow control device and coupled to the fluid conduit at a location 
between the fluid supply and the flow control device, the pressure sensor sensing pressure of the 
conduit and providing pressure signals in response to such sensed pressure, and a processor 
having a connection verification mode in which the processor is configured to provide a 
verification indication when the processor receives pressure signals indicative of an expected 
pressure change in the conduit to thereby verify that the particular fluid supply is connected to 
the flow control device. 

[00012] In more detailed aspects, the processor is further configured to delay the flow control 
device from moving fluid through the conduit until the processor receives pressure signals 
indicative of an expected pressure change in the conduit to thereby verify that the particular fluid 
supply is connected to the flow control device. Also, the processor in the connection verification 
mode is configured to detect that the expected pressure change is at a second flow control device 
and indicate an identity of the second flow control device. In another aspect, the processor in the 
connection verification mode is further configured to prompt an operator to induce a pressure 
change in the fluid conduit, and monitor the pressure signals to detect the operator-induced 
pressure chaiige. 

[00013] In other aspects, the processor in the connection verification mode is further configured 
to monitor the pressure signals for a predetermined time period to detect the induced pressure 
change, and prompt the operator to confirm that a pressure change has been induced if the 
induced pressure change is not detected within the predetermined time period. The processor in 
the connection verification mode is further configured to provide an alert indication if the 
operator confirms that the pressure change has been induced but the processor has not detected a 
pressure change indicated by the pressure signals within the predetermined time period. 

[00014] In further detailed aspects, the processor in the connection verification mode is 
configured to prompt the operator to squeeze the upstream fluid supply segment to induce the 
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pressure change in the fluid conduit. In another aspect, the processor in the connection 
verification mode is configured to prompt the operator to change the height of the particular fluid 
supply to induce the pressure change in the fluid conduit. In yet a further aspect, the processor in 
the connection verification mode is configured to prompt the operator to tap the upstream fluid 
supply segment to induce the pressure change. 

[00015] In other aspects in accordance with the invention, the pressure sensor is mounted to the 
flow control device and is located adjacent and upstream in relation to the flow control device. 
Further, the pressure sensor is located and configured such that when the fluid conduit is 
mounted at the flow control device, the fluid conduit also must be mounted in operable 
communication with the pressure sensor. 

[00016] More aspects include that the processor comprises an override mode, the processor 
being configured such that when in the override mode, the processor does not run the verification 
mode. The system further comprises a memory connected with the processor, wherein the 
processor is further configured to store data in the memory indicating that the processor was 
configured in the override mode. Additionally, the processor is configured such that when in the 
override mode, the processor does not delay the flow control device from moving fluid through 
the conduit. 

[00017] Yet another aspect includes a drug library in which is stored a data base of drugs, 
wherein the drug data base also includes instructions linked to selected drugs to instruct the 
processor to run the connection verification mode, and an input device coupled to the processor 
by which a selection of a drug from the drug data base is made, wherein the processor receives 
the drug selection from the input device, accesses the drug library, and is configured in the 
connection verification mode in the event that such an instruction is linked to the selected drug. 

[00018] Also provided is a method for verifying that a particular fluid supply is connected to a 
flow control device, wherein the flow control device acts on a fluid conduit coupled to the fluid 
supply to move the fluid from the fluid supply through the fluid conduit, the fluid supply and 
fluid conduit forming an upstream fluid supply segment, the method comprising prompting an 
operator to induce a pressure change in the fluid conduit, sensing pressure in the fluid conduit 
upstream from the flow control device and generating pressure signals in response to the pressure 
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sensed, processing the pressure signals to detect a pressure change in the fluid conduit in 
response to the step of prompting the operator to induce the pressure change, and indicating a 
connection verification that the fluid supply is connected to the flow control device when the 
induced pressure change is detected from processing the pressure signals. 

[00019] Further method aspects include delaying the flow control device from moving fluid 
through the conduit until the pressure change in the fluid conduit is detected. Another aspect 
includes detecting the expected pressure change at a second flow control device, and indicating 
an identity of the second flow control device. Yet further aspects include prompting an operator 
to induce a pressure change in the fluid conduit, and monitoring the pressure signals to detect the 
operator-induced pressure change, and delaying the flow control device from moving fluid 
through the conduit until the operator-induced pressure change is detected. Also, monitoring the 
pressure signals for a predetermined time period to detect the induced pressure change, and 
prompting the operator to confirm that a pressure change has been induced if the induced 
pressure change is not detected within the predetermined time period. A further aspect 
comprises providing an alert indication if the operator confirms that the pressure change has been 
induced but the processor has not detected a pressure change indicated by the pressure signals 
within the predetermined time period. 

[00020] In more detailed method aspects, the method comprises prompting the operator to 
squeeze the upstream fluid supply segment to induce the pressure change in the fluid conduit, 
change the height of the particular fluid supply to induce the pressure change in the fluid conduit, 
or tap the upstream fluid supply segment to induce the pressure change. 

[0002 1 ] In yet other aspects, the method comprises selectively overriding the processing, 
indicating, and delaying steps, and storing an override in a memory for later analysis. Additional 
method aspects include storing a drug library comprising a data base of drugs, wherein the drug 
data base also includes instructions linked to selected drugs to run a connection verification 
method, and selecting a drug from the drug data base, accessing the drug library and performing 
the prompting, sensing, processing, and indicating steps in the event that such an instruction is 
linked to the selected drug. 
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[00022] Other aspects and advantages of the invention will become apparent from the following 
detailed description and the accompanying drawings, illustrating by way of example the features 
of the invention. 

Brief Description of the Drawings 

[00023] FIGURE 1 is a front view of a patient care system having four fluid infusion pumps, 
each of which is connected to a respective fluid supply for pumping the contents of the fluid 
supply to a patient, the patient care system and fluid supplies being mounted on a common roller 
stand; 

[00024] FIG. 2 is an enlarged view of a portion of the patient care system of FIG. 1 showing 
two of the fluid infusion pumps mounted at either side of a programming module, and the 
displays and control keys of each, with the programming module being capable of programming 
both infusion pumps; 

[00025] FIG. 3 is a perspective view of one of the fluid infusion pumps of FIGS. 1 and 2 with 
its front door in the open position showing an upstream pressure sensor used in accordance with 

aspects of the present invention, a downstream pressure sensor, a peristaltic four finger pump 
mechanism located between the sensors, and a fluid tube in operative engagement with the 
infusion pump; 

[00026] FIG. 4 is a block diagram showing components of one embodiment of a system 
incorporating aspects of the present invention, for verifying that the correct fluid source is 
connected to a pump; 

[00027] FIG. 5 is a flow chart depicting one embodiment of a method incorporating aspects of 
the present invention, for verifying that the correct fluid source is connected to a pump; 

[00028] FIG. 6 is a view of the patient care system of FIG. 1 having a programming module 
and two infusion pumps with one of the infusion pumps having mounted to it the tube of an 
administration set that is connected upstream of the pump to a primary fluid supply and to a 
secondary fluid supply for administering a piggyback infusion; and 
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[00029] FIG. 7 presents an arrangement where a patient is receiving infusions from three 
separate infusion pumps but all pumps are networked by a single computer. 

Detailed Description of the Preferred Embodiments 

[00030] Referring now in more detail to the drawings in which like reference numerals refer to 
like or corresponding elements among the several views, there is shown in FIG. 1 a patient care 
system 20 having four infusion pumps 22, 24, 26, and 28 each of which is in operative 
engagement with a respective fluid administration set 30, 32, 34, and 36. Fluid supplies 38, 40, 
42, and 44, which may take various forms but in this case are shown as bottles, are inverted and 
suspended above the pumps. Fluid supplies may also take the form of bags or other types of 
containers. Both the patient care system 20 and the fluid supplies 38, 40, 42, and 44 are mounted 
to a roller stand or IV pole 46. 

[0003 1] Each administration set 30, 32, 34, and 36 is connected between a respective fluid 
supply 38, 40, 42, and 44 and the same patient 48 so that the patient may receive the fluids in all 
the fluid supplies. A separate infusion pump 22, 24, 26, and 28 is used to infuse each of the 
fluids of the fluid supplies into the patient. The infusion pumps are flow control devices that will 
act on the respective tube or fluid conduit of the fluid administration set to move the fluid from 
the fluid supply through the conduit to the patient 48. Because individual pumps are used, each 
can be individually set to the pumping or operating parameters required for infusing the 
particular medical fluid from the respective fluid supply into the patient at the particular rate 
prescribed for that fluid by the physician. Such medical fluids may comprise drugs or nutrients 
or other. 

[00032] Typically, medical fluid administration sets have more parts than are shown in FIG. 1. 
Many have check valves, drip chambers, valved ports, connectors, and other devices well known 
to those skilled in the art. Except for FIG. 6 where a Y-site port is shown, these other devices 
have not been included in the drawings so as to preserve clarity of illustration. 

[00033] In accordance with the background discussed above, it is desirable to verify the correct 
connection of each fluid supply 38, 40, 42, and 44 to the correct pump 22, 24, 26, and 28 prior to 
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activating the pumping mechanism of a pump so that a fluid is not infused into the patient with 
incorrect pumping parameters. 

[00034] It should be noted that the drawing of FIG. 1 is not to scale and that distances have 
been compressed for the purpose of clarity. In an actual setting, the distance between the bottles 
38, 40, 42, and 44 and the infusion pump modules 22, 24, 26, and 28 could be much greater. 
There would be more of an opportunity for the tubes of the administration sets 30, 32, 34, and 36 
to become intertwined with each other when all four are dangling from the bottles, which can 
cause confusion as to which tube should be in which infusion module. The opportunity for 
confusion increases as the number of tubes increases. 

[00035] Referring now to FIG. 2, an enlarged view of the front of the infusion pump 24 is 
shown. The pump includes a front door 50 and a handle 52 that operates to lock the door in a 
closed position for operation and to unlock and open the door for access to the internal pumping 
and sensing mechanisms and to load administration sets for the pump. When the door is open, 
the tube can be connected with the pump, as will be shown in FIG. 3. When the door is closed, 
the tube is brought into operating engagement with the pumping mechanism, the upstream and 
downstream pressure sensors, and the other equipment of the pump. A display 54, such as an 
LED display, is located in plain view on the door in this embodiment and may be used to 
visually communicate various information relevant to the pump, such as alert indications (e.g., 
alarm messages). Control keys 56 exist for programming and controlling operations of the 
infusion pump as desired. The infusion pump 24 also includes audio alarm equipment in the 
form of a speaker (not shown). 

[00036] In the embodiment shown, a programming module 60 is attached to the left side of the 
infusion pump 24. Other devices or modules, including another infusion pump, may be attached 
to the right side of the infusion pump 24, as shown in FIG. 1. In such a system, each attached 
pump represents a pump channel of the overall patient care system 20. In one embodiment, the 
programming module is used to provide an interface between the infusion pump 24 and external 
devices as well as to provide most of the operator interface for the infusion pump 24. Attention 
is directed to U.S. Patent No. 5,713,856 entitled "Modular Patient Care System" to Eggers et al. 
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incorporated herein by reference in which the programming module is described as an advanced 
interface unit. 

[00037] The programming module 60 includes a display 62 for visually communicating various 
information, such as the operating parameters of the pump 24 and alert indications and alarm 
messages. The programming module 60 may also include a speaker (shown in FIG. 4) to 
provide audible alarms. The programming module also has various input devices in this 
embodiment, including control keys 64 and a bar code scanner (not shown) for scanning 
information relating to the infusion, the patient, the care giver, or other. The programming 
module also has a communications system (not shown) with which it may communicate with 
external equipment such as a medical facility server or other computer and with a portable 
processor, such as a handheld portable digital assistant ("PDA), or a laptop-type of computer, or 
other information device that a care giver may have to transfer information as well as to 
download drug libraries to a programming module or pump. The communications system may 
take the form of a radio frequency ("RF") (radio frequency) system, an optical system such as 
infrared, a Blue Tooth system, or other wired or wireless system. The bar code scanner and 
communications system may alternatively be included integrally with the infusion pump 24, such 
as in cases where a programming module is not used, or in addition to one with the programming 
module. Further, information input devices need not be hard-wired to medical instruments, 
information may be transferred through a wireless connection as well. 

[00038] FIG. 2 includes a second pump module 26 connected to the programming module 60. 
As shown in FIG. 1, more pump modules may be connected. Additionally, other types of 
modules may be connected to the pump modules or to the programming module. 

[00039] Turning now to FIG. 3, an infusion pump 22 is shown in perspective view with the 
front door 50 open, showing the administration set 30 in operative engagement with the pump 
22. The fluid administration set comprises a fluid conduit or tube 66, extending from the 
respective fluid supply 38 (FIG. 1) to the patient 48, through which fluid is acted upon by the 
pump to move fluid downstream to the patient. Specifically, a pumping mechanism 70 acts as 
the flow control device of the pump to move fluid though the conduit. In this case, the pumping 
mechanism is of the "four finger" type and includes an upstream occluding finger 72, a primary 
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pumping finger 74, a downstream occluding finger 76, and a secondary pumping finger 78. The 
"four finger" pumping mechanism and mechanisms used in other linear peristaltic pumps operate 
by sequentially pressing on a segment of the fluid conduit by means of the cam-following 
pumping fingers and valve fingers 72, 74, 76, and 78. The pressure is applied in sequential 
locations of the conduit, beginning at the upstream end of the pumping mechanism and working 
toward the downstream end. At least one finger is always pressing hard enough to occlude the 
conduit. As a practical matter, one finger does not retract from occluding the tubing until the 
next one in sequence has already occluded the tubing; thus at no time is there a direct fluid path 
from the fluid supply to the patient. The operation of peristaltic pumps including four finger 
pumps is well known to those skilled in the art and no further operational details are provided 
here. 

[00040] In this particular embodiment, FIG. 3 further shows an upstream pressure sensor 80 
used in accordance with aspects of the present invention. The upstream pressure sensor is 
assigned to the flow control device or pumping mechanism 70 and, in this embodiment, is further 
provided as an integral part of the pump 22. It is mounted to the flow control device 70 and is 
located adjacent and upstream in relation to the flow control device. The upstream pressure 
sensor is located upstream from the flow control device, that is, at a location between the fluid 
supply 38 (FIG. 1) and the flow control device, so that the connection of the correct fluid supply 
with the correct pump may be verified before any fluid is pumped to the patient. A downstream 
pressure sensor 82 is also included in the pump 22 embodiment at a downstream location with 
respect to the pumping mechanism. A distinct advantage to having a pressure sensor located 
upstream of the pumping mechanism is that pressure in the upstream line can be continuously 
detected. As mentioned above, the pumping mechanism always provides an occlusion of the 
channel so that there is never an open fluid line fi*om upstream of the pumping mechanism to 
downstream of the pumping mechanism. For pressure sensors located elsewhere, the pumping 
mechanism provides interference in determining upstream pressure. 

[00041 ] Referring now to FIG. 4, the upstream pressure sensor 80 is shown coupled to the fluid 
conduit 66, as ordinarily occurs when the fluid conduit is loaded into the pump 22 and the pump 
door is closed (FIG. 1). The fluid conduit interconnects the fluid supply 38 with the patient 48 
and provides a conduit for the fluid of the fluid supply to be infused into the patient. In one 
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embodiment, the upstream pressure sensor is located and configured such that when the fluid 
conduit is mounted into the pumping mechanism or flow control device 70, it also must be 
mounted in operable communication with the upstream pressure sensor. 

[00042] The upstream pressure sensor 80 may take many forms well known to those skilled in 
the art, including a piezoresistive device. Consequently, no further technical details concerning 
the mechanical formation of the sensor are presented herein. The sensor 80 provides pressure 
signals in response to pressure sensed in the conduit 30. Those pressure signals are analog in 
form and are converted to digital form by an analog-to-digital converter ("A/D") 86 integral with 
the sensor or by an A/D located elsewhere in the data stream. The digital pressure signals are 
supplied to a processor 84. In accordance with its programming, the processor is configured to 
receive the digital pressure signals and process them to detect pressure levels and pressure 
changes. In accordance with an aspect of the invention, the processor will be configured to 
detect a pressure change within a selected time period in order to determine if the correct fluid 
supply is connected with the pump and its associated pressure sensor. In the latter operation, the 
processor is referred to as running a connection verification mode. 

[00043] Although FIG. 4 shows an embodiment of the present invention in which the processor 
84 is connected with a single pump or flow control device 70, it should be understood that other 
embodiments may exist in which multiple pump channels associated with a multi-channel patient 
care system may be monitored by the same processor. In such an embodiment, the processor 
performs the same fiinctions for each pump channel of the system. As an example, FIG. 1 shows 
a four pump system in which the four pumps 22, 24, 26, and 28 are connected to a common 
programming module 60 having an internal processor. The processor of the programming 
module 60 may perform the "connection verification mode" for all four pumps. Additionally, as 
is discussed in detail relevant to FIG. 7 below, a networked arrangement of separate, individual 
pumps may be provided wherein a processor of the network performs a like fiinction as the 
programming module 60. 

[00044] According to one aspect of the present invention, the processor 84 has a connection 
verification mode in which it delays the flow control device 70 from moving fluid through the 
conduit 66 to the patient 48 until the processor verifies that the correct conduit 30 is connected to 
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the pump. This is done by the processor detecting a purposely induced pressure change in the 
upstream conduit. In determining if a pressure change has occurred, the processor may be 
configured to detect a pressure change that exceeds a minimum threshold in one embodiment. In 
another embodiment, the processor may be further configured to detect an appropriate pressure 
decay response subsequent to a detected pressure change. 

[00045] Thresholds or other reference values for evaluating whether the induced pressure 
change has in fact occurred in the conduit connected with the pump may be stored in a memory 
88 which the processor 84 can access. The programs of the processor, including the program 
supporting the connection verification mode, may be stored in the same memory 88, or in 
another memory (not shown). Use of memory to store programs and data is well known and no 
further details are provided here. Values and other programming may also be input into the 
memory using an input device 90, such as control keys, or may be preprogrammed. 

[00046] In one embodiment of the connection verification mode, the processor 84 is configured 
to begin its connection verification mode when it senses the existence of a fluid conduit 66 
connected to the pump. Sensing the existence of a fluid conduit connected to the pump may be 
performed in different ways, such by detecting a change in the pressure signals from either the 
upstream or downstream pressure sensors, or by other means. Once the processor senses that the 
door 50 of the pump has been closed and the door handle 52 locked, the processor will then 
await the programming of the pump for operating parameters, such as flow rate, an identification 
of the drug being infused, and possibly other parameters. The latter manual programming step 
may not be necessary if the pump has been automatically programmed, such as by use of a bar 
code reader that was used to input pump operating parameters from a bar code label mounted to 
the fluid supply. 

[00047] Once the processor 84 determines that the pump 70 has been loaded with a conduit 30 
and the pump has been programmed for operation, the processor will then request the operator of 
the pump to induce a pressure change in the conduit that should be connected to the pump. The 
operator may induce a pressure change by squeezing the bag 38 to which the conduit is 
connected for example, or by raising or lowering the bag or bottle thus changing the head 
pressure. In an alternative embodiment, the processor may suggest such ways to induce the 
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required pressure change through a visual text or graphics indication on the display 62 of the 
programming module 60. Because the upstream pressure sensor 80 is located upstream of the 
pumping mechanism 70, it can continually monitor the pressure existing in the upstream portion 
of the conduit and can detect induced pressure changes. The processor thus controls the 
upstream pressure sensor to the "on" mode and continually monitors the pressure signals it 
provides. If the operator squeezes the correct bag, i.e. the one connected to the conduit mounted 
to the pump, an increase in pressure in the conduit will be sensed by the upstream sensor, and by 
the processor, and the correct fluid supply for the pump will have been verified. 

[00048] Once the processor has instructed the operator to induce the pressure change, the 
processor will then wait for a predetermined period of time within which it expects to receive 
pressure signals indicating that the requested pressure change has been induced. During the 
predetermined period of time during which the processor is waiting to receive the induced 
pressure change, the processor inhibits or delays the flow control device 70 from moving fluid 
through the conduit 66. The predetermined time period may be set at fifteen seconds for 
example, or a different time period. During the time period, the processor may display an 
appropriate indication such as "WAITING FOR OPERATOR-INDUCED PRESSURE 
CHANGE" or "SQUEEZE DRUG CONTAINER TO VERIFY CORRECT SET LOADING" or 
other message, so the operator can immediately see what mode the processor and pump are in. 

[00049] In yet other aspects, a processor that monitors multiple pumping channels, such as in 
the arrangement of the ALARIS MEDLEY® system, may be programmed to look for a pressure 
change in any of the channels when it prompts the operator to induce a pressure change in one 
channel. By this technique, the processor can then indicate to the operator in which channel the 
pressure change was actually detected. If the pressure change occurred in a channel other than 
the channel in which it was expected, the processor may indicate a misloading of the channel, but 
time will be conserved in that the processor may also indicate to the operator through a front 
panel display or through other means which channel in fact has the desired conduit. The 
operator can then quickly locate that conduit and place it in the correct channel. 

[00050] If during the predetermined period of time within which the induced pressure change 
should occur no pressure change is received by the processor from the pump, the processor will 
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then query the operator through the display or by other means to ask if the operator has induced a 
pressure change. An audio attention alert, such as a short audible beep, may also be provided to 
audibly alert the operator that the processor is making a query. If the operator responds that the 
pressure change has been induced, the processor will indicate that no pressure change was sensed 
in the right pump. Such an indication may result if the conduit in which the pressure change was 
induced is not connected to the right pump 22 or a manual clamp on the conduit upstream from 
the pressure sensor is closed. As a result, the processor may display a "wrong conduit" alert 
indication visually on the display 54 of the infusion pump 22 and an audible alarm from the 
speaker of the pump. The alert indication may also be provided on the display 62 and/or speaker 
58 of the programming module 60. 

[0005 1] If the operator responds that a pressure change has not yet been induced, the processor 
may begin a new time period in which it waits for an induced pressure change. The new time 
period may be the same as the preceding time period or it may be different. In another 
embodiment, the processor may switch to a "suspend" mode in which it suspends further 
operation until the operator presses a particular key, such as the ENTER key as one of the input 
devices 90, at which time, the processor will once again enter a time period of the verification 
mode in which it monitors for an induced pressure change. 

[00052] If the processor 84 detects the induced pressure change within the predetermined time 
period, the processor may provide a verification indication on displays 54 (FIG. 2) or 62 and then 
terminate the delay of operation of the flow control device 70. That is, the processor no longer 
inhibits pump operation but instead, allows the pump to begin pumping at the initiation of the 
operator. After any further programming of the pump is completed, such as by pressing the 
START key, the processor will control the flow control device to begin the infusion and move 
fluid through the fluid conduit 66 to the patient 48. Because operation of the flow control device 
is delayed until the processor detects the manually induced pressure change, the processor 
thereby verifies that the correct fluid conduit is connected to the correct flow control device prior 
to delivering the fluid to the patient. 

[00053] Further detail on the connection verification mode of operation in accordance with an 
embodiment of the present invention will now be described. In reference to FIGS. 1 through 4, a 
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nurse begins the process by hanging a bag 38 of medication from a stand, such as the roller stand 
46 shown in FIG. 1, priming the conduit of a fluid administration set 30 with the fluid from the 
fluid supply to be infused into the patient 48. If the fluid supply has a bar code label, or other 
information device, containing pump operating parameters, the nurse may read it into the pump 
through a bar code reader, infrared transfer, or other means to automatically program the pump. 
The conduit is connected to the pump and if automatic programming of the pump has not 
occurred, the nurse may manually program the pump through the use of the control keys 56 or 
64, for example. 

[00054] The nurse may also use the control keys 64 on the programming module 60 to select a 
drug from a data base of drugs stored in a drug library 92 (FIG. 4), the drug library being stored 
in the memory 88 of the patient care system 20. In one embodiment, the drug library is stored in 
the memory of the programming module 60 (FIG. 2) and a scrolling list of drugs may be 
displayed on the display 62 of the programming module 60 (FIG. 2) for selection. The drug 
library may also include flow rates, doses, and other information that can be selected and which 
represents the best practices of the clinic in which the pump is located. In a further system, the 
programming module, infusion pump, or other processing device may contain a drug library 
having drug names and accepted best practices of the clinic for administration of that drug. 

[00055] Before a pump is allowed to infuse a drug into a patient, the processor is also 
configured through programming to check the pump's programming against the drug library 92. 
The drug library may also include pumping limits and in one case, "soft" limits may exist. If the 
operator of the pump were to select a pumping parameter that is outside a "soft" limit, a "soft" 
alert may be provided by the processor to the operator as an indication that he or she has 
programmed a parameter that is outside a limit. However, a "soft" limit can be overridden by the 
operator and pumping may be commenced. The drug library may also include "hard" limits. If 
the operator of the pump were to select a pumping parameter that is outside a "hard" limit, a 
"hard" alert may be provided by the processor to the operator as an indication that he or she has 
programmed a parameter that is outside a hard limit. A "hard" limit cannot be overridden by the 
operator and pumping will not be permitted until the programmed parameter is changed to an 
acceptable level. Such a system providing limits and alerts through a drug library is available 
through the GUARDRAILS® system from ALARIS Medical Systems, Inc. The drug library of 
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the patient care system may be configured to be periodically updated through the 
communications system using an external device such as a computer running appropriate 
software. 

[00056] In an embodiment, the drug library 92 may also include drug entries linked to an 
instruction that the processor controlling a flow control device is to run the connection 
verification mode. In particular, selected drugs may include such an instruction in addition to 
dosages, and pumping parameters. This approach would automatically put the processor in the 
connection verification mode without further operator input. Therefore, once an operator enters 
a drug name that is in the library, and if that drug name includes a link to instruct the processor 
to run the connection verification mode, the processor will automatically begin the verification 
mode. 

[00057] Turning now to FIG. 5 in which is shown an embodiment of a method in accordance 
with aspects of the invention, the operator is prompted to induce a pressure change in the fluid 
conduit, in box 100, such as by squeezing, raising, or lowering the fluid supply 38 to ensure 
connection of the correct fluid supply to the correct pump 22. This is done before fluid delivery 
begins. In box 102, the pressure in the fluid conduit is sensed by the upstream pressure sensor 80 
(FIG. 4), as previously described. As indicated by box 102, in one embodiment, the pressure 
may be sensed for a predetermined time period. The processor 84 monitors the pressure signals 
received from the upstream pressure sensor 80 and delays fluid delivery until the processor 
detects the induced pressure change in the fluid conduit, as indicated by boxes 104 and 106. 

[00058] If a pressure change is detected, box 104, the processor stops delaying the flow control 
device, permitting further programming to continue and pumping to commence, box 106. 
Optionally, an appropriate message may also be displayed on display 54 or 62 to inform the 
operator of the detection of the induced pressure change. 

[00059] On the other hand, if the processor did not detect a pressure change in the 
predetermined time period, it may provide a query to the operator to ask if a pressure change was 
induced, box 108. If the operator responds that a pressure change was induced, the processor 
provides an alert, box 1 10, indicating that the wrong conduit or bag is connected to the pump and 
continues to delay fluid delivery. In the case of FIG. 5, the alarm indication given is ALERT! 
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WRONG BAG. However, the actual visual alert notification may take different forms; FIG. 5 
presents only one embodiment. For example, the notification may also say CHECK FOR 
CLOSED UPSTREAM CLAMP or THE SET HAS BEEN INSTALLED IN WRONG PUMP, or 
other. The alert indication may also be made audibly by means of a speaker Such an alert is 
referred to as a "connection verification" alarm or alert herein in various places, although it is 
also referred to in other ways. 

[00060] If the operator indicates that a pressure change was not induced, the processor will 
query the operator to determine if the operator is now ready to induce a pressure change, box 
112. If the operator is now ready, box 1 14, the process repeats 100. If the operator is not ready, 
a delay is imposed in box 1 16, and the operator is then asked again if he or she is ready, box 1 12. 

[00061] The processor further includes an override mode in which the connection verification 
mode can be overcome by an operator and infusion can begin immediately. The processor 84 
will permit the operator of the pump 22 to override a connection alert indication and proceed 
with the delivery of medical fluid. Data concerning such cormection verification overrides will 
be stored in a memory 88 for record-keeping purposes along with other infusion-related events, 
such as the occurrences of "soft" and "hard" alarms that occur because of programming 
parameters that exceed such limits. Overrides of "soft" limits and alarms could also be stored in 
memory. 

[00062] In accordance with aspects of the present invention, a nurse can also verify the proper 
connection of a secondary fluid supply 120, as shown in FIG. 6, for a secondary (e.g., 
piggyback) infusion. In a typical secondary infusion, the nurse attaches a secondary fluid 
conduit 122 associated with the secondary fluid supply 120 to the primary administration set 30 
of the primary fluid supply 38 by means of a Y-site port 124. The processor 84 may then verify 
that the secondary fluid supply has been correctly connected in the same manner as previously 
described with respect to primary fluid supplies. That is, the configured processor requests that a 
pressure change be induced in the secondary line. When the processor does not detect a pressure 
change in the fluid conduit after inducing a pressure change in the secondary fluid line, two types 
of connection errors may be indicated. First, the secondary fluid supply may be connected to the 
wrong pump or pump channel. Second, the connection between the pump channel and the 



18 



secondary fluid supply 120 may not have been established because of failure to open a manual 
clamp, such as a slide clamp 126, located on the secondary fluid conduit 122. In either case, the 
system and method of the present invention will determine that the proper connection cannot be 
verified and can alert the operator to the error. 

[00063] In FIG. 7, three separate single channel pumps 130, 132, and 134 are being used for a 
single patient 45. A separate fluid supply 136, 138, and 140 is designated for each pump. The 
pumps are all networked in this case to a common processor or server 142. Each pump may 
have its own connection verification system and may require that the operator induce a pressure 
change in each fluid supply and the pressure change be detected by that pump before infusion by 
the particular pump can begin. However, in such a local connection verification system 
approach, the pump that does not detect the induced pressure because the set has been misloaded 
cannot then inform the operator in which pump that fluid supply actually has been installed. 
This can be overcome with the network approach shown in FIG. 7. The network processor 142 
is connected to all pumps 130, 132, and 134 and may monitor each pump for connection 
verification. In one embodiment, the network processor 142 may actually perform the 
connection verification for each networked pump. The upstream pressure sensor of each pump 
can be monitored by the network processor and when the operator is prompted to induce a 
pressure change in one fluid line, the network processor can monitor the upstream pressure 
sensors of all pumps. Thus, if the induced pressure change is not detected in the right pump, the 
network processor can determine which pump in fact the pressure change was detected and 
inform the operator. The operator will then be able to locate the conduit that is installed in the 
wrong pump and promptly install it in the correct pump. As mentioned above, this approach also 
works in the MEDLEY® system where a single programming module 60 (FIG. 2) monitors all 
infusion modules 22, 24, 26, and 28, 

[00064] From the foregoing, it will be appreciated that the system and method in accordance 
with the principles of the invention provide effective means to determine that a fluid supply is 
correctly connected to an infusion pump in order to ensure infusion of the proper drug. 
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